Objective: To evaluate the short-term outcomes of hemorrhoidectomy performed using the LigaSure vessel sealing device (Valleylab, Boulder, Colorado) or the conventional approach. , and pain the day after the operation measured by the visual analog scale (WMD, −2.31; 95% CI, −3.37 to −1.26) were significantly reduced following LigaSure hemorrhoidectomy. There was a decrease in time taken to return to work or normal activity (WMD, −3.49 days; 95% CI, −7.40 to 0.43), which was of marginal significance (P=.08). Incidence of postoperative hemorrhage was comparable as was incidence of anal stenosis and fecal and flatus incontinence between the 2 groups.
used on isolated arteries and veins up to 7 mm in diameter and on tissue bundles. This system provides precise energy delivery and electrode pressure to vessels for a controlled period to achieve complete and permanent fusion of the vessel lumen. LigaSure produces minimal sticking, charring, or thermal injury to adjacent tissue. 10, 11 The aim of our study was to evaluate operative and postoperative parameters and adverse outcomes in patients undergoing LigaSure vs conventional hemorrhoidectomy. Meta-analytical techniques and sensitivity analyses were used to assess the potential advantages of each technique and explain differences between the study methodologies and selection criteria.
METHODS

STUDY SELECTION
A MEDLINE, EMBASE, Ovid, and Cochrane database search was performed between 2002 and 2006 on all randomized controlled trials comparing LigaSure hemorrhoidectomy with conventional hemorrhoidectomy. The following MeSH search headings were used: LigaSure, hemorrhoidectomy, comparative study, and treatment outcome. These terms and their combinations were also searched as individual words as were conventional hemorrhoidectomy, open, and closed. The Related Articles function was used to broaden the search, and all scanned abstracts, studies, and citations were reviewed. References of the articles acquired were also searched by hand. No language restrictions were made. The latest date of this search was May 30, 2006 .
DATA EXTRACTION
Two reviewers (E.K.T. and J.C.) independently extracted the following information from each study: first author, year of publication, study population characteristics, study design, inclusion and exclusion criteria, matching criteria, number of subjects operated on with each technique, operative parameters, complications, and postoperative recovery. There was 100% agreement between the 2 reviewers.
INCLUSION AND EXCLUSION CRITERIA
To be included in the analysis, studies had to (1) compare LigaSure with conventional hemorrhoidectomy (including scissors and diathermy techniques), (2) report on at least one of the outcome measures, (3) clearly document the operative technique as LigaSure, conventional, or open/closed hemorrhoidectomy, and (4) clearly report the indications for operation for each of the LigaSure and conventional hemorrhoidectomy groups. Studies were excluded from the analysis if (1) the outcomes of interest were not clearly reported for the 2 techniques and (2) it was impossible to extract or calculate the appropriate data from the published results.
OUTCOME MEASURES
The following outcomes were used to compare LigaSure hemorrhoidectomy with conventional hemorrhoidectomy:
1. Operative parameters, including operative time and operative blood loss.
2. Complications, assessed up to 6 months, including postoperative hemorrhage, fecal and flatus incontinence, constipation, poor wound healing and/or dehiscence, anal stenosis, and urinary retention.
3. Postoperative parameters comprising length of postoperative hospital stay and return to normal activity.
STATISTICAL ANALYSIS
Meta-analysis was performed in line with recommendations from the Cochrane Collaboration and the Quality of Reporting of Meta-analyses guidelines. 12, 13 Statistical analysis of dichotomous variables was carried out using odds ratios (ORs) as the summary statistic, while continuous variables, such as operative time or length of stay, were analyzed using the weighted mean difference (WMD) 14 ; both were reported with 95% confidence intervals (CIs). Odds ratios represent the odds of an adverse event occurring in the LigaSure hemorrhoidectomy compared with the conventional hemorrhoidectomy group, while WMDs summarize the differences between the 2 groups with respect to continuous variables, accounting for sample size. For studies that presented continuous data as means and range values, the SDs were calculated using statistical algorithms and checked using bootstrap resampling techniques. Thus, all continuous data were standardized for analysis. An OR of less than 1 favored the LigaSure hemorrhoidectomy group and the point estimate of the OR was considered statistically significant at PϽ.05 if the 95% CI did not include the value 1.
The Mantel-Haenszel method was used to combine the OR for the outcomes of interest using a random-effects metaanalytical model. In a random-effects model, it is assumed that there is natural variation between studies and the calculated OR, which as a result, has a more conservative value. 15, 16 The randomeffects model is preferable when meta-analytical techniques are used in surgical research, because for a given surgical technique each center has its own patient selection criteria and these patients have different risk profiles. The Yates correction was used for studies that contained a zero in one cell for the number of events of interest in 1 of the 2 groups. 17 These zero cells created problems with the computation of ratio measure and its SE of the treatment effect. This was resolved by adding the value 0.5 in each cell of the 2ϫ2 table for the study in question; if there were no events for either group, the study was discarded from the meta-analysis of that outcome.
The quality of the studies was assessed by using the Jadad core with some modifications to match the needs of this study. 18 The studies' quality was evaluated by examining 3 factors: patient selection, comparability of the study groups, and assessment of outcome. Studies achieving 3 or more stars (of a maximum of 5) were considered to be of higher quality.
Heterogeneity was assessed by 2 methods. First, graphic exploration with funnel plots was used to evaluate publication bias. 19, 20 Second, sensitivity analysis was undertaken using the following subgroups: studies of higher quality, those comparing LigaSure vs open hemorrhoidectomy, and those comparing LigaSure vs closed hemorrhoidectomy. Analysis was conducted by using the statistical Review Manager, version 4.2 (Cochrane Collaboration, Oxford, England).
RESULTS
ELIGIBLE STUDIES
In our literature search, we identified 9 studies comparing the results of LigaSure hemorrhoidectomy with conventional hemorrhoidectomy for patients with grade 3 or 4 hemorrhoids. These studies, published between 2002 and 2006, had matched selection criteria and were included in the analysis. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] These 9 studies reported on 525 patients, of whom 266 (50.7%) underwent LigaSure hemorrhoidec-tomy and 259 (49.3%) underwent the conventional operation. Of the 259 patients who underwent conventional hemorrhoidectomy, 209 from 7 studies [23] [24] [25] [26] [27] 29, 30 had it performed with diathermy, while 50 patients from 2 studies 22, 28 had it performed with scissors excision. The study characteristics and patients' demographic details are presented in Table 1 . The operations were performed under general, spinal, or epidural anesthesia. All the studies in the analysis were randomized controlled trials. [22] [23] [24] [25] [26] [27] [28] [29] [30] All studies matched patients for disease symptoms as well as having grade 3 or 4 hemorrhoids. Two studies matched patients for age and sex. 24, 28 All patients in both the LigaSure and conventional hemorrhoidectomy arms of the analysis had a mixture of internal and external hemorrhoidal components treated at the time of operation. The sensitivity analysis included 9 studies that scored 4 or more stars on the modified Jadad Scale, 22,24-28 5 studies that compared LigaSure with open hemorrhoidectomy, 22, [25] [26] [27] 29 4 that compared LigaSure with closed hemorrhoidectomy, 23, 24, 28, 30 7 that compared LigaSure with diathermy hemorrhoidectomy, [23] [24] [25] [26] [27] 29, 30 and 2 that compared LigaSure with scissors hemorrhoidectomy. 22, 28 Results of operative and postoperative parameters and complications for LigaSure hemorrhoidectomy vs conventional hemorrhoidectomy groups are summarized in Table 2 . The table displays the number of studies reporting on each outcome, the total number of patients in both LigaSure hemorrhoidectomy and conventional hemorrhoidectomy groups, the summary statistic, 95% CIs, a test of heterogeneity between the studies, and the calculated P values. Figure 1 and Figure 2 display the results of the analysis for operative time, operative blood loss, pain on postoperative day 1, length of hospital stay, and time to return to work or normal activity following LigaSure hemorrhoidectomy vs conventional hemorrhoidectomy.
HEMORRHOIDECTOMY PROCEDURES
Patients were put in the lithotomy position. LigaSure hemorrhoidectomy was performed with an Eisenhammer retractor. The internal and external components of each hemorrhoidal complex were first grasped and elevated using artery forceps or Allis clamps. The LigaSure device was applied along the curvature of the artery forceps with its own curvature facing into the lumen of the anal canal to minimize potential injury to the sphincter muscles. The clamplike electrode was first positioned beneath the external component and activated. The feedback-controlled sensor signaled the completion of coagulation and the coagulated tissue was transected along the line of coagulation. The device was subsequently applied along the sealed tissue line into the anal canal, now comprising the internal hemorrhoid and inferior hem- orrhoidal vascular pedicle. In larger hemorrhoids, further application of the LigaSure device may be repeated. The pedicle was finally coagulated by a further delivery of bipolar energy and then divided. The naked area was then inspected with an Eisenhammer retractor to ensure complete hemostasis. In the presence of bleeding, sutures may be applied as necessary. In all 9 studies, the LigaSure hemorrhoidectomy procedure followed the same initial incision and dissection of internal and external hemorrhoidal components as the conventional procedure, except that the LigaSure bipolar cautery device made the transection instead.
Conventional hemorrhoidectomy was carried out either with scissors or monopolar diathermy. Local anesthetic and adrenaline was first infiltrated into the subcutaneous and submucosal planes to elevate the hemorrhoidal pedicles from the underlying anal sphincter muscle. Submucosal dissection of the hemorrhoidal tissue from the internal sphincter was performed. Hemorrhoidal pedicles were transfixed in some studies but not in others, with care to maintain 6-to 8-mm skin bridges between each excision. Patients were subsequently given a mixture of oral and parenteral analgesia, as necessary.
META-ANALYSIS OF OPERATIVE AND POSTOPERATIVE PARAMETERS
Nine studies [22] [23] [24] [25] [26] [27] [28] [29] [30] reported on operative time, which was found to be significantly shorter in the LigaSure group compared with the conventional hemorrhoidectomy group (−8.67 minutes; 95% CI, −15.34 to −2.00; P=.01). There was significant heterogeneity in this result. Four studies 22, 25, 29, 30 reported on operative blood loss, which was significantly lower in the LigaSure group (−23.08 mL; 95% CI, −27.24 to −18.92 mL; PϽ .001).
Seven studies [22] [23] [24] [25] [26] 29, 30 reported data regarding pain on postoperative day 1, measured by the Visual Analogue Scale (VAS). A score of 0 represents no pain, while a score of 10 represents the worst pain. Patients undergoing LigaSure hemorrhoidectomy were found to have significantly less pain on postoperative day 1 (WMD, − 2.31; 95% CI, − 3.37 to − 1.26; P Ͻ .001). Chung and Wu 23 also charted pain scores at days 2 and 7. On day 2, mean VAS scores were lower for patients who underwent LigaSure hemorrhoidectomy (6.5) compared with those who underwent conventional hemorrhoidectomy (7.5; PϽ.001). On day 7, mean VAS scores were 4.0 in patients who underwent LigaSure hemorrhoidectomy vs 4.5 for those who had a conventional hemorrhoidectomy. This was of marginal significance (P=.06). Three studies described mean VAS scores at day 14 23, 24, 28 ; there was no significant difference in scores between LigaSure hemorrhoidectomy and conventional hemorrhoidectomy patients at this point.
There was also no significant difference in length of stay in the 6 studies that reported it. 22, 23, [25] [26] [27] 30 Time to return to work or normal activity was reported by 4 studies 22, 23, 26, 30 and was shorter by 3.49 days in the LigaSure for heterogeneity = 335.89, P < .001, I 2 = 98.2%; Z for overall effect = 4.31, P < .001
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Chung CC 22 Milito 26 Chung groups (95% CI, − 7.40 to 0.43). This was of marginal significance (P = .08). There was significant heterogeneity in all the results. Analysis of the subgroup LigaSure vs diathermy hemorrhoidectomy [23] [24] [25] [26] [27] 29, 30 showed results that were almost identical to the overall analysis, with significantly shorter operative times, less blood loss, less pain on postoperative day 1, and significantly earlier return to normal activity and work in the LigaSure group. The subgroup LigaSure vs scissor hemorrhoidectomy contained only 2 of the studies and we were thus unable to include it in the meta-analysis. 22, 28 
META-ANALYSIS OF ALL COMPLICATIONS
OTHER OUTCOMES
Three studies 22, 26, 30 compared the postoperative need for parenteral analgesia between the LigaSure hemorrhoidectomy and conventional hemorrhoidectomy groups. Wang et al 30 reported that LigaSure hemorrhoidectomy patients required 12 injections of parenteral analgesia (unspecified) compared with 32 patients in the conventional hemorrhoidectomy group during a 2-to 3-day hospital stay. Chung et al 22 reported that LigaSure hemorrhoidectomy patients required a mean 0.7 injections of pethidine compared with 1.2 in the conventional hemorrhoidectomy group during a 3-to 4-day hospital stay. Milito et al 26 reported no requirement for parenteral analgesia in either group.
Two studies 28, 29 reported on pain scores immediately postoperatively. Thorbeck and Montes 29 reported mean scores of 4.9 in the LigaSure hemorrhoidectomy group vs 7.8 in the conventional hemorrhoidectomy group, while Pattana-Arun et al 28 reported scores of 6.0 vs 4.8, respectively. One study 23 reported mean pain scores during a 2-week postoperative period in the LigaSure vs the conventional hemorrhoidectomy groups, respectively: 6.5 vs 8.0 at day 1, 6.5 vs 7.5 at day 2, 4.0 vs 4.5 at day 7, and 0.5 for both groups at day 14. Two further studies 24, 28 reported on pain at day 14, with similar scores for LigaSure hemorrhoidectomy and conventional hemorrhoidectomy groups.
Three studies 23, 26, 28 also reported on the time taken for complete wound healing. According to Milito et al, 26 patients in the LigaSure hemorrhoidectomy group healed significantly faster than those in the conventional hemorrhoidectomy group (16.3 vs 37.5 days). Chung and Wu 23 and Pattana-Arun et al 28 reported similar time to complete wound healing. Two studies 31, 32 reported longerterm follow-up data from 2 of the studies in the metaanalysis. 25, 27 Lawes et al 31 reported on patients 1 year posthemorrhoidectomy. Patients were contacted by telephone and sent a questionnaire to assess their symptoms and their level of satisfaction (very happy, happy, disappointed, or unhappy) with the outcome of the operation. They were also sent the Continence Grading Scale 33 to evaluate fecal continence. At 1 year postoperatively, 13 of 16 patients (81%) in the conventional hemorrhoidectomy group and 17 of 18 patients (94%) in the LigaSure hemorrhoidectomy group responded. One patient who underwent conventional hemorrhoidectomy developed flatus incontinence daily and another developed liquid stool incontinence (rarely requiring the use of pads). In the LigaSure hemorrhoidectomy group, 5 patients developed occasional flatus incontinence. This was not regarded as statistically significant because of the small numbers. Two of 16 patients (12.5%) who underwent conventional hemorrhoidectomy and 1 of 18 patients (5.5%) who underwent LigaSure hemorrhoidectomy were dissatisfied, complaining of continuing pain on defecation and recurrent bleeding.
Peters et al 32 reported follow-up data on patients at 36 months posthemorrhoidectomy. Fourteen of 20 (70%) conventional hemorrhoidectomy patients and 16 of 20 (80%) LigaSure hemorrhoidectomy patients responded. Patients were assessed using the Cleveland Clinic Incontinence Score 33 and self-reported satisfaction levels. Ten patients in each group agreed to undergo detailed physical examination, including rectal manometry. Recurrent bleeding was reported by 5 of 16 (31%) patients in the conventional hemorrhoidectomy group but by no patients in the LigaSure hemorrhoidectomy group. This was not regarded as statistically significant because of the small numbers. No episodes of fecal incontinence were reported. Cleveland Clinic Incontinence Scores were similar in both groups and there was no difference in satisfaction levels. In the 10 patients who underwent further examination and rectal manometry, 3 patients in the conventional hemorrhoidectomy group and 1 in the LigaSure hemorrhoidectomy group had residual skin tags on examination. None of these were symptomatic. There was no significant difference between the 2 groups in resting anal pressure, maximal squeeze pressure, or functional sphincter length. External sphincter thickness was similar in both groups, but internal sphincter thickness was significantly decreased in the conventional hemorrhoidectomy group (P =.005). 
PUBLICATION BIAS
A funnel plot of the studies used in this meta-analysis reporting on operative time in LigaSure hemorrhoidectomy vs conventional hemorrhoidectomy is shown in Figure 3A . This is a scatterplot of the treatment effects estimated from individual studies plotted on the horizontal axis (WMD) against the SE of the estimate shown on the vertical axis (SE [WMD] ). Seven studies [22] [23] [24] [25] [26] [27] 29 lie outside the 95% CIs, with most studies lying to the right of the vertical. When only studies matched for quality (Ͼ3 stars) were considered ( Figure 3B ), most studies lie within the 95% CIs and are distributed evenly about the vertical, showing less evidence of publication bias.
COMMENT
The results of this meta-analysis suggest that LigaSure hemorrhoidectomy is a safe, effective, and fast alternative to the conventional operation. There was comparable morbidity in terms of postoperative hemorrhage, fecal or flatus incontinence, constipation, poor wound healing, anal stenosis, or urinary retention. LigaSure hemorrhoidectomy was associated with shorter operative times (8.67 minutes shorter) and significantly less blood loss (23.08 mL less) compared with conventional hemorrhoidectomy. The reduced operative time associated with LigaSure is likely related to better hemostatic control and not needing to ligate the pedicles.
Patients had significantly less pain on postoperative day 1 in the LigaSure group. This was evidenced also by the lower amount of analgesia, parenteral or oral, used by patients postoperatively. The measurements for analgesic use were nonuniform and therefore we could not include it in the metaanalysis. While no significant difference was found in length of hospital stay, patients in the LigaSure group returned to work and regular activities 3.5 days sooner (P=.08).
When taking into account the sensitivity analysis, studies rated as higher quality (Ͼ3 stars) and studies of LigaSure hemorrhoidectomy vs open hemorrhoidectomy showed similar benefits in shortened operative time and blood loss. There were no differences noted in morbidity, pain on postoperative day 1, length of stay, or return to normal activity. This was different in studies only comparing LigaSure hemorrhoidectomy with closed hemorrhoidectomy, which showed similar benefits of LigaSure hemorrhoidectomy, with shortened operative time, decreased blood loss, significantly less pain, and shorter hospital stays, but no difference in the time to return to work.
There were no unexpected complications reported in any of the studies analyzed. This contrasts with circular stapled hemorrhoidopexy, about which exist reports of serious complications, such as pelvic sepsis 34 and anastomotic stenosis. 35 When comparing LigaSure with circular stapled hemorrhoidectomy, patients undergoing LigaSure hemorrhoidectomy were found to have significantly less intraoperative and postoperative bleeding. 36 Patients in the LigaSure group also experienced slightly more postoperative pain initially and on defecation. Circular stapling also has the drawback of occasional failure to deal with large external hemorrhoidal components and skin tags, with higher levels of recurrence of hemorrhoidal prolapse. 37 In a recent comparison of harmonic scalpel excision of hemorrhoids with LigaSure hemorrhoidectomy and conventional hemorrhoidectomy, 22 the harmonic scalpel was associated with less pain, shorter hospital stays, earlier return to work, and increased patient satisfaction.
The LigaSure system is an excellent method for achieving bloodless dissection of vascular tissues. 38 The combination of localized coagulation with minimal collateral thermal spread makes it seem like an ideal instrument for hemorrhoidectomy. Improved hemostasis may also offer better visibility and therefore a more accurate dissection. The lack of thermal spread and consequently decreased tissue necrosis from the LigaSure device may also contribute to lower postoperative pain. The cost of each single-use device is about $156. Coupled with potential time saving, decreased blood loss, and decreased postoperative pain, LigaSure may also produce a cost benefit, though this assessment was not performed in any of the studies analyzed.
As with any operation involving the anal canal, preservation of sphincter structure and function is of paramount importance. With the use of adequate tissue retraction and submucosal infiltration, the hemorrhoidal plexus can be readily elevated off the underlying anal sphincter, allowing for safe application of the diathermy forceps.
Sphincter stretching should also be minimized during the operative procedure to avoid injury. By decreasing operative time and simplifying the procedure, Liga- Sure hemorrhoidectomy could help prevent sphincter injury.
It is important to mention the limitations of this metaanalysis. None of the studies reported on hemorrhoid recurrence. There was heterogeneity in some results, which we tried successfully to account for by sensitivity analysis. Also, as mentioned earlier, none of the studies reported on long-term success rates. The study also has its strengths, with large numbers of patients being analyzed at once, which would have been difficult to gather in one primary randomized clinical trial.
CONCLUSIONS
Meta-analysis has shown that LigaSure hemorrhoidectomy can provide a safe, fast, low-morbidity alternative to conventional hemorrhoidectomy. There are significant benefits of LigaSure hemorrhoidectomy: reduced operative time and blood loss, as well as reduced postoperative pain, analgesic requirement, and time to return to work or normal activity. Further randomized controlled trials are required to assess long-term success rates of the technique. 
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